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SUB-HARMONIC MIXER AND DOWN
CONVERTER WITH THE SAME

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a mixer. More particularly,
the present invention relates to a sub-harmonic mixer having,

[.C-folded cascode.

2. Description of Related Art

A direct-conversion receiver (or homodyne recetver) uses
one time down conversion operation in 1ts structure for
directly converting a radio frequency (RF) signal into a base
band signal, so it 1s also called zero-IF receiver. The fre-
quency of the poly-phase local oscillation (LO) signal pro-
duced by such recetrver 1s very close to the frequency of the RF
signal, thus, 1mage noise mterference can be avoided, and no
image rejection filter 1s required to be disposed before mixing
the RF signal and the poly-phase LO signal because of the
disappearance of image noise. Accordingly, compared to
other recerver structures such as a superheterodyne recerver, a
direct-conversion recerver has the advantages such as simple
structure and single chip, and i1s being adopted more and more
in today’s transceivers.

Even though the direct-conversion receiver has the forego-
ing advantages, the structure thereoft still has some disadvan-
tages. For example, DC offset 1s one of the problems thereof.
The production of DC offset 1s mainly because that the 1s0-
lation between the mput terminal (here referred to as mput
terminal of RF signal) of the mixer and the low noise amplifier
(LNA) and the mput terminal of the mixer for receiving the
poly-phase LO signal i1s not infinite, thus, when the poly-
phase LO signal appears at the input terminal of RF signal due
to feedthrough etfect, the poly-phase LO signal will be seli-
mixed with the original poly-phase LO signal and further the
DC offset will be produced. In addition, the problem of even-
order distortion should be noted too because the direct-con-
version receiver does not have an 1image rejection filter before
mixing the signals, so that the even-order distortion produced
by non-linear circuit may also be directly transmitted to the
output of the mixer along with the disturbing signal around
the RF signal through feedthrough effect, so that the RF signal
to be received originally may be further atfected.

To resolve the atorementioned problems, the direct-con-
version receiver adopts the conventional sub-harmonic mixer
(SHM) as shown 1n FIG. 1 for providing 1deal 1solation to the

input terminals of the poly-phase LO signal and the RF signal.
The conventional SHM 1s derived from Gilbert mixer as
shown 1n FIG. 2. Referrning to FIG. 1 and FIG. 2, wherein the
poly-phase LO signal includes local oscillation signals
L.O1_0°~L0O1_270° which respectively have phase shifts of
0°, 90°, 180°, and 270°, and the poly-phase local oscillation
signal L.O2 includes local oscillation signals 1.O2_0° and
[.O2_180° which respectively have phase shifts 0° and 180°.
If each of the N-type transistors MN9~MN12 in Gilbert mixer
1s replaced with two N-type transistors connected 1n parallel,
and the frequency provided to the poly-phase LO signal LO2
of the Gilbert mixer 1s reduced to 0.5 time of the original
frequency, so as to form the poly-phase LO signal LO1
received by NMOS transistors connected in parallel and

accordingly the conventional SHM in FIG. 1. For example,
replace MN9 with MN1 and MN2, and the frequencies with

phase difference 180° of LO signals LO1_0° and LO1_180°
received by MN1 and MN2 1s 2 times of that of the LO si1gnal
L.O2_0° recerved by MN9. Accordingly, the direct-conver-
sion receiver with conventional SHM can operate the fre-
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2

quency of the poly-phase LO signal at 0.5 times of the fre-
quency ol the RF signal, and can also maintain the ideal
1solation of Gilbert mixer.

However, 1n the actual monolithic process, the 1solation
provided by the conventional SHM 1s always affected due to
unsymmetrical circuit caused by mismatching components.
Thus, how to improve the isolation of the input terminal of a
conventional SHM by using original circuit structure, so as to
reduce the leakage signal of the poly-phase LO signal and
even-order distortion caused by disturbing signal at the input
terminal of the RF signal, has become the biggest challenge in
the application of direct-conversion receiver.

SUMMARY OF THE INVENTION

Accordingly, the present invention 1s directed to provide a
sub-harmonic mixer (SHM), wherein a leakage signal 1s ori1-
ented to a first voltage or a second voltage by a resonance
circuit so that the SHM can have very good 1solation, and the
problems of DC ofifset and even-order distortion in the appli-
cation of direct-conversion receiver which uses SHM can be
resolved.

According to another aspect of the present invention, a
down converter 1s provided, wherein the self-mixing and
even-order distortion caused by leakage signal are reduced,
and the performance of the down converter 1s improved by
adopting the excellent 1solation of the SHM.

To achieve the aforementioned and other objectives, the
present invention provides an SHM for mixing a poly-phase
local oscillation (LLO) signal and a radio frequency (RF) sig-
nal so as to produce a base band signal. The SHM 1includes a
differential amplifying unit, a current buffer unit, and a
switching unit. The differential amplifying unit amplifies the
RF signal. The current butfer unit 1s coupled to the differential
amplifying unit for amplifying the gain of the output signal of
the differential amplifying unit. The switching umitis coupled
to the current buffer umt for switching the output signal of the
current buffer unit to the base band signal based on the poly-
phase LO signal.

According to an exemplary embodiment of the present
invention, the differential amplifying unit includes a first
resonance circuit, and the current buffer unit includes a sec-
ond resonance circuit. To mix the poly-phase L O signal and
the RF signal for producing the base band signal, the follow-
ing steps are included. First, the differential amplifying unit
amplifies the RF signal, and the amplified RF signal 1s or1-
ented to the current buffer unit by the first resonance circuit;
meanwhile, the leakage signal produced by the local reso-
nance signal 1s oriented to the first voltage by the first reso-
nance circuit. Next, the current buifer umt coupled to the
differential amplifying unit amplifies the gate of the output
signal of the diflerential amplifying unit and orients the out-
put signal of the current buffer unit to the switching unit by
using the second resonance circuit; meanwhile, the second
resonance circuit also orients the leakage signal produced by
the local resonance signal to the second voltage. Finally, the
switching unit switches the output signal of the current butfer
unit to a base band signal based on the poly-phase L O signal.

The resonance frequencies of the foregoing first resonance
circuit and second resonance circuit are the same as the fre-
quency of the RF signal. The first voltage 1s an supply voltage,
and the second voltage 1s a ground voltage.

According to an exemplary embodiment, the SHM can be
applied to a direct-conversion receiver.

According to yet another aspect of the present invention, a
down converter 1s provided, which 1s used for converting a RF
signal into a base band signal. The down converter includes a
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signal producer and an SHM. Wherein the SHM includes a
differential amplifying unit, a current buffer unit, and a
switching unit. The signal producer 1s used for providing a
poly-phase LO signal. The SHM coupled to the signal pro-
ducer 1s used for mixing the poly-phase LO signal and a RF
signal to produce a base band signal. Wherein, the procedure
of the SHM producing the base band signal includes: the
differential amplifying unit amplifying the RF signal; next,
the current buffer unit coupled to the differential amplifying
unit amplifying the gate of the output signal of the differential
amplifying unit; finally, the output signal of the current buifer
unit being converted into the base band signal by using the
switching unit coupled to the current butfer unit and the signal
producer based on the poly-phase LO signal. Accordingly, the
down converter can achieve the purpose of converting a RF
signal into a base band signal.

According to the down converter 1n an exemplary embodi-
ment, the signal producer includes a local oscillator and a
phase shifter. The local oscillator 1s used for producing a LO
signal so that the phase shitfter connected in series between the
local oscillator and the switching unit can convert the LO
signal into a plurality of LO signals of different offsets to be
output as poly-phase LO signals.

According to an exemplary embodiment, the down con-
verter can be applied to a direct-conversion receiver.

According to the present invention, the structure combin-
ing a differential amplifying unit and a current butfer unit 1s
adopted, so that the SHM can use a first resonance circuit and
a second resonance circuit to orient the leakage signal to a first
voltage or a second voltage. Accordingly, along with the
increase of the 1solation of the SHM, the DC offset and the
even-order distortion in the direct-conversion receiver using
the SHM can be considerably reduced.

In order to make the aforementioned and other objects,
teatures and advantages of the present invention comprehen-
sible, a preferred embodiment accompanied with figures 1s
described 1n detail below.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the imnvention.

FIG. 1 1s a diagram 1illustrating the structure of a conven-
tional sub-harmonic mixer.

FIG. 2 1s a diagram 1illustrating the structure of a conven-
tional Gilbert mixer.

FIG. 3 1s a diagram illustrating the structure of a sub-
harmonic mixer according to an exemplary embodiment of
the present invention.

FIG. 4 1s a detailed circuit diagram of a sub-harmonic
mixer according to an exemplary embodiment of the present
invention.

FIGS. 5~7 illustrate the actual measurement results of the
circuit characteristics 1n the embodiment of FIG. 4.

FIG. 8 1s a comparison table between the related charac-
teristics of the embodiment 1n FIG. 4 and existing periodicals.

FIG. 9 1s a diagram 1illustrating the structure of a down
converter according to an exemplary embodiment of the
present invention.
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4
DESCRIPTION OF EMBODIMENTS

FIG. 3 1s a diagram 1illustrating the structure of a sub-
harmonic mixer (SHM) according to an exemplary embodi-
ment of the present invention, which includes a differential
amplifying unit 301, a current buifer unit 302, and a switching
unit 303. The current buifer unit 302 1s coupled between the
differential amplitying unit 301 and the switching unit 303.
After the differential amplifying unit 301 amplifying the
radio frequency (RF) signal, the SHM 300 amplifies the gain
of the output signal of the differential amplitfying unit 301 by
using the current buffer unit 302, so that the switching unit
303 switches the output signal of the current butfer unit 302 to
a base band signal based on the poly-phase local oscillation
(LO) signal. Accordingly, the SHM 300 can mix the poly-
phase LO signal and the RF signal to produce the base band
signal.

FIG. 4 1s a detailed circuit diagram of a sub-harmonic
mixer according to an exemplary embodiment of the present
invention. Referring to FIG. 3, the input terminals 310q and
3105 correspond to the differential input terminal 310 of the
differential amplitying unit 301 1n FIG. 3. The output termi-
nals 320a and 3206 correspond to the differential output
terminal 320 of the differential amplifying unit 301 1n FI1G. 3.
The output terminals 330a and 33056 correspond to the ditfer-
ential output terminal 330 of the current buifer unit 302 1n
FIG. 3. The output terminals 340a and 34056 correspond to the
differential output terminal 340 of the switching unit 303 1n
FIG. 3. The mput terminals 350aa and 350ab, and the 1input
terminals 350ba and 35055 correspond to the input terminal
350a and 3505 of the poly-phase LO signal of the switching
unit 303 1 FIG. 3.

As shown 1n FIG. 4, the differential amplitying umt 301

includes a resonance circuit 401, N-type transistors MN41
1 MN42, resistors R41 and R42, capac:ltors C41 and C42,

and
and an inductance L.41. The current buifer unit 302 includes
P-type transistors MP41 and MP42, and a resonance circuit
402. The switching unit 303 includes N-type transistors
MN43~MN410 and resistors R43 and R44. The first termi-
nals of the resistors R41 and R42 are coupled to a first voltage
(for example, the supply voltage V ~.,). The drains of the
N-type transistors MN41 and MN42 are coupled to the reso-
nance circuit 401, the sources of the N-type transistors MP41
and MP42 are coupled to a second voltage (for example the
ground voltage), and the gates of the N-type transistors MP41
and MP42 are respectively coupled to the first terminals of the
capacitors C41 and C42. The inductance 141 1s connected 1n
series between the second terminal of the capacitor C41 and
the second terminal of the capacitor C42. The first terminals
ol the capacitors C43 and C44 are respectively coupled to the
first terminal and the second terminal of the inductance 1.41,
and the second terminals of the capacitors C43 and C44 are
respectively wired to form the mput terminals 310aq and 3105.
The sources of the P-type transistors MP41 and MP42 are
respectively coupled to the drains of the N-type transistors
MP41 and MP42, and the gates of the P-type transistors
MP41 and MP42 are coupled to a second voltage. The reso-
nance circuit 402 1s connected 1n series between the gates of
the P-type transistors MP41 and MP42 and the second volt-
age. The first terminal of the resistors R43 and R44 are
coupled to the first voltage, and the second terminals of the
resistors R43 and Rd44 are respectively wired to form the
output terminals 340aq and 34056. The drains of the N-type
transistors MIN43 and MN44 and the N-type transistors
MN47 and MN48 are coupled to the second terminal of the
resistor R43. The drains of the N-type transistors MN43 and

MN46, MN49 and MN410 are coupled to the second terminal
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of the resistor R44. The sources of the N-type transistors
MN43~MN46 are coupled to the drain of the P-type transistor
MP41. The sources of the N-type transistors MN47~MN410
are coupled to the drain of the P-type transistor MP42.

The resonance circuit 401 includes inductances .42 and
[.43 and capacitors C45 and C46. The resonance circuit 402
includes inductances .44 and .45 and capacitors C47 and
C48. The first terminals of the inductances .42 and .43 and
capacitors C435 and C46 are coupled to a first voltage. The
second terminals of the inductances 1.42 and the capacitor
C45 are coupled to the drains of the N-type transistor MN41.
The second terminals of the inductance .43 and the capacitor
(C46 are coupled to the drain of the N-type transistor MN42.
The first terminals of the inductance .44 and the capacitor
C47 are coupled to the drain of the P-type transistor MP41.
The first terminals of the inductance .45 and the capacitor
C48 are coupled to the drain of the P-type transistor MP42.
The second terminals of the inductances 1.44 and .45 and the
second terminals of the capacitors C47 and C48 are coupled
to the second voltage.

Please refer to FIG. 4 again for the operation principle of
the present embodiment. The inductances .42 and 1.43 1n the
differential amplitying unit 301 provide a low impedance
path to form the DC bias currents of the N-type transistors
MN41 and MN42. Here, the RF signal recerved by the second
terminals of the capacitor C43 and C44 1s amplified by the
N-type transistors MN41 and MN42 which are equivalent to
differential transconductance 1n their operation. In the present
embodiment, to transmit the amplified RF signal to the cur-
rent buifer unit 302 through the output terminals 320aq and
3200, the resonance frequency of the resonance circuit 401 1s
operated at the frequency of the RF signal. Since the reso-
nance circuit 401 operated at the resonance frequency 1s
equivalent to a high impedance, thus, the amplified RF signal
can be oriented to the current buffer unit 302. Moreover, since
the frequency of the poly-phase LO signal of the sub-har-
monic mixer 300 1s 0.5 times of the frequency of the RF
signal, thus, the leakage signal produced when the poly-phase
LO signal appears at the input terminals 310aq and 31056
through feedthrough effect, or the even-order distortion pro-
duced by the disturbing signal through non-linear circuit are
also oriented to the first voltage by the resonance circuit 401.

Next, the current buifer unit 302 recerves the amplified RF
signal by using the sources of the P-type transistors MP41 and
MP42. The inductances 1.44 and .45 provide low impedance
path to form the DC bias current of the P-type transistors
MP41 and MP42. Here, the P-type transistors MP41 and
MP42 connected 1n common gate can not only improve the
isolation of the current butier unit 302, but also amplify the
gain ol the output signal of the differential ampliiying unit
301. To orient the RF signal amplified by P-type transistors
MP41 and MP42 to the switching unit 303, the resonance
circuit 402 adopts the same method as the resonance circuit
401 to operate the resonance frequency at the frequency of the
RF signal, so that the output signal of the current buifer unit
302 1s oriented to the switching unit 303. Meanwhile, the
resonance circuit 402 may also orient the leakage signal pro-
duced when the poly-phase LO signal at the input terminals
310a and 3105, or the even-order distortion produced by the
disturbing signal through non-linear circuit to the second
voltage.

Finally, the LO signals LO4_0°, LO4_90°, LO4_180°, and
[.LO4_270° included 1n the poly-phase LO signal are respec-
tively recerved by the gates of the N-type transistors MIN43
and MN49, the gates of the N-type transistors MN43 and
MN48, the gates of the N-type transistors MN 44 and MIN410,
and the gates of the N-type transistors MN 46 and MN47 1n
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6

the switching unit 303. Here, the N-type transistors
MN43~MN410, which has operation characteristics of
switches, switch the output signal of the current builer unit
302 to the base band signal based on the LO signals LO4_0°,
L.O4_90°, LO4_180° and L.O4_270°. Wherein, the phase
shifts of the LO signals LO4_0°, LO4_90°, LO4_180°, and

L.O4_270° are respectively O degree, 90 degree, 180 degree,
and 270 degree.

FIGS. 5~8 illustrate the actual measurement results of the
present embodiment implemented 1n existing CMOS pro-
cess. In the present embodiment, the supply voltage V -, 15
1V, the frequency of the RF signal 1s 5.2 GHz, and the fre-
quency of the poly-phase local signal 1s 2.6 GHz. As shown 1n
FIG. 5, the noise figure of the SHM 300 when the frequency
thereof 1s 10 MHz 1s 17.3 dB. As shown in FIG. 6, the SHM
300 detects a leakage signal of -65.154 dBm at the nput
terminals 310a and 3105 when the receiving frequency of the
poly-phase local signal 1s 15.5 dBm. The leakage signal will
cause DC offset of about —100.7 dBm to the output frequency
of the SHM 300, however, the DC offset does not exceed the
noise floor specified by a WLAN receiver. In other words,
here the DC offset caused by the SHM 300 1s covered up in the

noise floor and will not atfect the performance of the circuait.
In addition, as shown1in FI1G. 7, only very slim 2 times leakage
signal (the frequency thereofl i1s only -101.934 dBm) 1s
detected at the input terminals 310a and 3105 of the SHM
300, which proves that the input terminal of the SHM 300 1n
the present invention has excellent isolation. To further under-
stand the circuit performance of the present invention, FIG. 8
illustrates the comparison results between the present

embodiment and the periodical released in Solid-state Cir-
cuits, VOL. 33, No. 12, 1988 (denoted as periodical[1] in FIG.

8), the periodical released in RAWCON, pp. 219-222, 2000

(denoted as periodical[2] in FIG. 8), the periodical released 1n
Microwave and Wireless Components Letters, VOL. 14, No.
7, 2004 (denoted as periodical[3] in FIG. 8), and the periodi-
cal released 1n Solid-state Circuits, VOL. 39, No. 6, 2004
(denoted as periodical[4] in FIG. 8) by IEEE (Institute of
Electrical and Electronic Engineers). It can be understood
from FIG. 8 that the SHM 1n the present invention has excel-
lent 1solation, thus compared to the articles 1ssued 1n existing
periodicals, the present invention has better characteristics at
the input 3" order intercept point (IIP3), the input 2" order
intercept point (IIP2), LOR (local oscillator rejection), or
regarding the leakage signal and DC offset. Wherein, the
annotation with symbol “*”1n FI1G. 8 represents that the SHM
released 1n the periodical has linear circuit, and symbol “+”
represents that the 1solation of the input terminal of the RF
signal 1s assumed to be 50 dB 1n the SHM released 1n the
periodical.

FIG. 9 1s a diagram 1illustrating the structure of a down
converter according to an exemplary embodiment of the
present invention. The down converter includes an SHM 300
and a signal producer 501. The SHM 300 includes a differ-
ential amplifying unit 301, a current buifer unit 302, and a
switching unit 303. Wherein, the SHM 300 1s coupled to the
signal producer 501. The current butfer unit 302 is coupled to
the differential amplifying unit 301. The switching unit 303 1s
coupled to the current buifer unit 302 and the signal producer
501. The procedure of the down converter converting the RF
signal to the base band signal includes: first, amplifying the
received RF signal by using the differential amplifying unit
301; next, amplifying the gain of the output signal of the
differential amplifying unit 301 by using the current buifer
unit 302. Accordingly, the switching unit 303 converts the
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output signal of the current buffer unit 302 into a base band
signal based on the poly-phase LO signal provided by the
signal producer 501.

The foregoing signal producer 501 includes a local oscil-
lator 510 and a phase shifter 520. The phase shifter 520 1s
connected between the local oscillator 510 and the switching
unit 303. Wherein, the local oscillator 510 1s used for produc-
ing LO signal, so that the phase shifter 520 converts the
received LO signal mto a plurality of LO signals of different
phase shifts to be output as poly-phase LO signals. In the
embodiment in FIG. 9, the operation theory, circuit structure,
and related circuit characteristics of the SHM 300 are
included 1n the embodiments 1n FIGS. 3~8 so the details will
not be described again here.

In overview, 1n the present invention, the structure combin-
ing the differential amplitying unit and current buffer unit 1s
adopted, so that the 1solation of the SHM can be effectively
improved when the SHM orients the leakage signal to the first
voltage and the second voltage by using the first resonance
circuit and the second resonance circuit. Accordingly, the
circuit performances of related circuits which have to use
SHM, such as down converter, direct-conversion receiver etc,
can be greatly improved along with the increase of the 1sola-
tion of the SHM. In particular, to direct-conversion receiver,
the DC offset and even-order distortion thereof can be con-
siderably reduced.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present mvention without departing from the scope or
spirit of the invention. In view of the foregoing, 1t 1s intended
that the present invention cover modifications and variations
of this mvention provided they fall within the scope of the
following claims and their equivalents.

What 1s claimed 1s:

1. A sub-harmonic mixer, used for mixing a poly-phase
local oscillation (LO) signal and a radio frequency (RF) sig-
nal to produce a base band signal, the sub-harmonic mixer
comprising:

a differential amplifying unit, amplifying the RF signal;

a current buifer unit, coupled to the differential amplifying
umt for gaming the output signal of the differential
amplifying unit; and

a switching unit, coupled to the current butier unit, switch-
ing the output signal of the current buffer unit to the base
band signal based on the poly-phase LO signal,

wherein the differential amplifying unit comprises:

a first resonance circuit, coupled to an supply voltage for
orienting the amplified RF signal to the current butier
unit and orienting a leakage signal to the supply volt-
age;

a first resistor, the first terminal of the first resistor being
directly coupled to the supply voltage;

a second resistor, the first terminal of the second resistor
being directly coupled to the supply voltage;

a first N-type transistor, the drain of the first N-type
transistor being coupled to the first resonance circuit,

the gate of the first N-type transistor being coupled to

the second terminal of the first resistor, and the source
of the first N-type transistor being coupled to a ground
voltage;

a second N-type transistor, the drain of the second
N-type transistor being coupled to the first resonance
circuit, the gate of the second N-type transistor being
coupled to the second terminal of the second resistor,
and the source of the second N-type transistor being
coupled to the ground voltage;
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a first capacitor, the first terminal of the first capacitor
being coupled to the gate of the first N-type transistor;

a second capacitor, the first terminal of the second
capacitor being coupled to the gate of the second
N-type transistor;

a first inductance, the first terminal of the first inductance
being coupled to the second terminal of the first
capacitor, and the second terminal of the first induc-
tance being coupled to the second terminal of the
second capacitor;

a third capacitor, the first terminal of the third capacitor
being coupled to the first terminal of the first induc-
tance, and the second terminal of the third capacitor
being used for recerving the RF signal; and

a fourth capacitor, the first terminal of the fourth capaci-
tor being coupled to the second terminal of the first
inductance, and the second terminal of the fourth
capacitor being used for recerving the RF signal; and

the current buffer umit comprises:

a first P-type transistor, the source of the first P-type
transistor being coupled to the drain of the first N-type
transistor, and the gate of the first P-type transistor
being coupled to the ground voltage;

a second P-type transistor, the source of the second
P-type transistor being coupled to the drain of the
second N-type transistor, and the gate of the second
P-type transistor being coupled to the ground voltage;
and

a second resonance circuit, connected 1n series between
the drains of first P-type transistor and the ground
voltage, and between the drains of second P-type tran-
sistor and the ground voltage, for orienting the output
signal of the current buifer unit to the switching unit
and orienting the leakage signal to the ground voltage.

2. The sub-harmonic mixer as claimed 1n claim 1 1s suitable
to be applied to a direct-conversion receiver.

3. The sub-harmonic mixer as claimed 1n claim 1, wherein
the first resonance circuit comprises:

a second inductance, the first terminal of the second induc-
tance being coupled to the supply voltage, and the sec-
ond terminal of the second inductance being coupled to
the drain of the first N-type transistor;

a fifth capacitor, the first terminal of the fifth capacitor
being coupled to the supply voltage, and the second
terminal of the fifth capacitor being coupled to the drain
of the first N-type transistor;

a third inductance, the first terminal of the third inductance
being coupled to the supply voltage, and the second
terminal of the third inductance being coupled to the
drain of the second N-type transistor; and

a sixth capacitor, the first terminal of the sixth capacitor
being coupled to the supply voltage, and the second
terminal of the sixth capacitor being coupled to the drain
of the second N-type transistor.

4. The sub-harmonic mixer as claimed 1n claim 1, wherein
the resonance frequency of the first resonance circuit 1s the
same as the frequency of the RF signal.

5. The sub-harmonic mixer as claimed 1n claim 1, wherein
the second resonance circuit comprises:

a fourth inductance, the first terminal of the fourth induc-
tance being coupled to the drain of the first P-type tran-
sistor, and the second terminal of the fourth inductance
being coupled to the ground voltage;

a seventh capacitor, the first terminal of the seventh capaci-
tor being coupled to the drain of the first P-type transis-
tor, and the second terminal of the seventh capacitor
being coupled to the ground voltage;
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a fifth inductance, the first terminal of the fifth inductance
being coupled to the drain of the second P-type transis-
tor, and the second terminal of the fifth inductance being
coupled to the ground voltage; and

an eighth capacitor, the first terminal of the eighth capacitor
being coupled to the drain of the second P-type transis-
tor, and the second terminal of the eighth capacitor being
coupled to the ground voltage.

6. The sub-harmonic mixer as claimed 1n claim 1, wherein
the resonance frequency of the second resonance circuit s the
same as the frequency of the RF signal.

7. The sub-harmonic mixer as claimed 1in claim 1, wherein
the poly-phase LO signal comprises the first to the fourth
local oscillation (LLO) signals, the switching unit comprises:

a third resistor, the first terminal of the third resistor being
coupled to the supply voltage;

a fourth resistor, the first terminal of the fourth resistor
being coupled to the supply voltage;

a third N-type transistor, the drain of the third N-type
transistor being coupled to the second terminal of the
third resistor, the source of the third N-type transistor
being coupled to the drain of the first P-type transistor,
and the gate of the third N-type transistor being used for
receiving the first LO signal;

a fourth N-type transistor, the drain of the fourth N-type
transistor being coupled to the second terminal of the
third resistor, the source of the fourth N-type transistor
being coupled to the drain of the first P-type transistor,
and the gate of the fourth N-type transistor being used
for recerving the third LO signal;

a fifth N-type transistor, the drain of the fifth N-type tran-
sistor being coupled to the second terminal of the fourth
resistor, the source of the fifth N-type transistor being
coupled to the drain of the first P-type transistor, and the
gate of the fifth N-type transistor being used for recerv-
ing the second LO signal;

a sixth N-type transistor, the drain of the sixth N-type
transistor being coupled to the second terminal of the
fourth resistor, the source of the sixth N-type transistor
being coupled to the drain of the first P-type transistor,
and the gate of the sixth N-type transistor being used for
receiving the fourth LO signal;

a seventh N-type transistor, the drain of the seventh N-type
transistor being coupled to the second terminal of the
third resistor, the source of the seventh N-type transistor
being coupled to the drain of the second P-type transis-
tor, and the gate of the seventh N-type transistor being
used for recerving the fourth LO signal;

an eighth N-type transistor, the drain of the eighth N-type
transistor being coupled to the second terminal of the
third resistor, the source of the eighth N-type transistor
being coupled to the drain of the second P-type transis-
tor, and the gate of the eighth N-type transistor being
used for recerving the second LO signal;

a ninth N-type transistor, the drain of the ninth N-type
transistor being coupled to the second terminal of the
fourth resistor, the source of the ninth N-type transistor
being coupled to the drain of the second P-type transis-
tor, and the gate of the ninth N-type transistor being used
for recerving the first LO signal; and

a tenth N-type transistor, the drain of the tenth N-type
transistor being coupled to the second terminal of the
fourth resistor, the source of the tenth N-type transistor
being coupled to the drain of the second P-type transis-
tor, and the gate of the tenth N-type transistor being used
for recerving the third LO signal.
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8. The sub-harmonic mixer as claimed 1n claim 7, wherein

the frequencies of the first to the fourth LO signals are respec-
tively 0.5 times of the frequency of the RF signal, and the
phase shifts of the first to the fourth LO signals are respec-
tively O degree, 90 degree, 180 degree, and 270 degree.

9. A down converter, used for converting a radio frequency

(RF) signal to a base band signal, the down converter com-
prising;:

a signal producer, used for providing a poly-phase local
oscillation (LO) signal; and

a sub-harmonic mixer, coupled to the signal producer for
mixing the poly-phase LO signal and the RF signal to
produce the base band signal, the sub-harmonic mixer
comprising;:

a differential amplifying unit, used for amplifying the RF
signal;

a current butier unit, coupled to the differential amplifying
unit, used for gaining the output signal of the differential
amplifying unit; and

a switching unit, coupled to the current builer unit and the
signal producer, used for switching the output signal of
the current buifer unit to the base band signal based on
the poly-phase LO signal,

wherein the differential amplifying unit comprises:

a first resonance circuit, coupled to an supply voltage,
used for orienting the amplified RE signal to the cur-
rent buffer unit;

a first resistor, the first terminal of the first resistor being,
directly coupled to the supply voltage;

a second resistor, the first terminal of the second resistor
being directly coupled to the supply voltage;

a first N-type transistor, the drain of the first N-type
transistor being coupled to the first resonance circuit,

the gate of the first N-type transistor being coupled to

the second terminal of the first resistor, and the source
of the first N-type transistor being coupled to a ground
voltage;

a second N-type transistor, the drain of the second
N-type transistor being coupled to the first resonance
circuit, the gate of the second N-type transistor being,
coupled to the second terminal of the second resistor,
and the source of the second N-type transistor being
coupled to the ground voltage;

a first capacitor, the first terminal of the first capacitor
being coupled to the gate of the first N-type transistor;

a second capacitor, the first terminal of the second
capacitor being coupled to the gate of the second
N-type transistor;

a first inductance, the first terminal of the first inductance
being coupled to the second terminal of the first
capacitor, and the second terminal of the first induc-
tance being coupled to the second terminal of the
second capacitor;

a third capacitor, the first terminal of the third capacitor
being coupled to the first terminal of the first induc-
tance, and the second terminal of the third capacitor
being used for recerving the RF signal; and

a fourth capacitor, the first terminal of the fourth capaci-
tor being coupled to the second terminal of the first
inductance, and the second terminal of the fourth
capacitor being used for recerving the RF signal; and

the current buffer umit comprises:

a first P-type transistor, the source of the first P-type
transistor being coupled to the drain of the first N-type
transistor, and the gate of the first P-type transistor
being coupled to the ground voltage;

[
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a second P-type transistor, the source of the second
P-type transistor being coupled to the drain of the
second N-type transistor, and the gate of the second
P-type transistor being coupled to the ground voltage;
and

a second resonance circuit, connected in series between
the drains of the first P-type transistor and the ground
voltage, and between the drains of second P-type tran-
sistor and the ground voltage, used for orienting the
output signal of the current buifer unit to the switch-
ing unit.

10. The down converter as claimed 1n claim 9, wherein the
signal producer comprises:

a local oscillator, used for producing a local oscillation

signal; and

a phase shifter, connected 1n series between the local oscil-
lator and the switching unit, used for converting the local
oscillation signal into a plurality of local oscillation
(LO) signals of different phase shiits to be output as the
poly-phase LO signals.

11. The down converter as claimed 1n claim 9 1s suitable to

be applied to a direct-conversion receiver.

12. The down converter as claimed 1in claim 9, wherein the
first resonance circuit comprises:

a second 1nductance, the first terminal of the second induc-
tance being coupled to the supply voltage, and the sec-
ond terminal of the second inductance being coupled to
the drain of the first N-type transistor;

a fifth capacitor, the first terminal of the fifth capacitor
being coupled to the supply voltage, and the second
terminal of the fifth capacitor being coupled to the drain
of the first N-type transistor;

a third inductance, the first terminal of the first inductance
being coupled to the supply voltage, and the second
terminal of the third inductance being coupled to the
drain of the second N-type transistor; and

a sixth capacitor, the first terminal of the sixth capacitor
being coupled to the supply voltage, and the second
terminal of the sixth capacitor being coupled to the drain
of the second N-type transistor.

13. The down converter as claimed 1in claim 9, wherein the
resonance frequency of the first resonance circuit 1s the same
as the frequency of the RF signal.

14. The down converter as claimed 1n claim 9, wherein the
second resonance circuit comprises:

a fourth inductance, the first terminal of the fourth induc-
tance being coupled to the drain of the first P-type tran-
sistor, and the second terminal of the fourth inductance
being coupled to the ground voltage;

a seventh capacitor, the first terminal of the seventh capaci-
tor being coupled to the drain of the first P-type transis-
tor, and the second terminal of the seventh capacitor
being coupled to the ground voltage;

a fifth inductance, the first terminal of the fifth inductance
being coupled to the drain of the second P-type transis-
tor, and the second terminal of the fifth inductance being
coupled to the ground voltage; and

an eighth capacitor, the first terminal of the eighth capacitor
being coupled to the drain of the second P-type transis-
tor, and the second terminal of the eighth capacitor being
coupled to the ground voltage.

15. The down converter as claimed 1n claim 9, wherein the

resonance Irequency of the second resonance circuit is the
same as the frequency of the RF signal.
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16. The down converter as claimed 1n claim 9, wherein the
poly-phase LO signal comprises the first to the fourth LO
signals, the switching unit comprising;:

a third resistor, the first terminal of the third resistor being,

coupled to the supply voltage;

a fourth resistor, the first terminal of the fourth resistor
being coupled to the supply voltage;

a third N-type transistor, the drain of the third N-type
transistor being coupled to the second terminal of the
third resistor, the source of the third N-type transistor
being coupled to the drain of the first P-type transistor,
and the gate of the third N-type transistor being used for
receiving the first LO signal;

a fourth N-type transistor, the drain of the fourth N-type
transistor being coupled to the second terminal of the
third resistor, the source of the fourth N-type transistor
being coupled to the drain of the first P-type transistor,
and the gate of the fourth N-type transistor being used
for recerving the third LO signal;

a fifth N-type transistor, the drain of the fifth N-type tran-
sistor being coupled to the second terminal of the fourth
resistor, the source of the fifth N-type transistor being
coupled to the drain of the first P-type transistor, and the
gate of the fifth N-type transistor being used for receiv-
ing the second LO signal;

a sixth N-type transistor, the drain of the sixth N-type
transistor being coupled to the second terminal of the
fourth resistor, the source of the sixth N-type transistor
being coupled to the drain of the first P-type transistor,
and the gate of the sixth N-type transistor being used for
receiving the fourth LO signal;

a seventh N-type transistor, the drain of the seventh N-type
transistor being coupled to the second terminal of the
third resistor, the source of the seventh N-type transistor
being coupled to the drain of the second P-type transis-
tor, and the gate of the seventh N-type transistor being
used for recerving the fourth LO signal;

an eighth N-type transistor, the drain of the eighth N-type
transistor being coupled to the second terminal of the
third resistor, the source of the eighth N-type transistor
being coupled to the drain of the second P-type transis-
tor, and the gate of the eighth N-type transistor being
used for recerving the second LO signal;

a ninth N-type transistor, the drain of the ninth N-type
transistor being coupled to the second terminal of the
fourth resistor, the source of the minth N-type transistor
being coupled to the drain of the second P-type transis-
tor, and the gate of the ninth N-type transistor being used
for recerving the first LO signal; and

a tenth N-type transistor, the drain of the tenth N-type
transistor being coupled to the second terminal of the
fourth resistor, the source of the tenth N-type transistor
being coupled to the drain of the second P-type transis-
tor, and the gate of the tenth N-type transistor being used
for receiving the third LO signal.

17. The down converter as claimed 1n claim 16, wherein the
frequencies of the first to the fourth LO signals are respec-
tively 0.5 times of the frequency of the RF signal, and the
phase shiits of the first to the fourth LO signals are respec-
tively O degree, 90 degree, 180 degree, and 270 degree.
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